S
ince the World Health Organization (WHO) and National Cholesterol Education Program (NCEP) produced their working definitions of the metabolic syndrome (1,2), a great deal of research has been undertaken to define its epidemiology. However, uncertainty exists about the clinical and public health importance of the metabolic syndrome (3,4). One way to address this uncertainty is to examine the nature of adverse events and the magnitude of the risks associated with the metabolic syndrome. Chief among these risks are all-cause mortality, cardiovascular disease, and diabetes. Although studies using nonstandard definitions of the metabolic syndrome have suggested that the risk of premature death and developing cardiovascular disease or diabetes is higher among people with the metabolic syndrome compared with those who did not have this syndrome, the risks for these outcomes associated with the new definitions of the metabolic syndrome are now emerging. Several studies have produced such risk estimates for all-cause mortality, cardiovascular disease, and diabetes. This report includes a review of these studies and a meta-analysis to determine summary estimates of risk.
RESEARCH DESIGN AND METHODS -
The term "metabolic syndrome" was used to perform a search of PubMed from July 1998, when the WHO definition was first published, through the end of February 2005. All abstracts were reviewed, and articles describing prospective studies were retrieved and evaluated. Only prospective studies that used either the NCEP definition, including those that had substituted BMI for waist circumference, or the WHO definition, including those with limited modifications, were included (Table 1) . No attempt was made to locate unpublished studies or contact authors. In the case of duplicate analyses of the same dataset, only the first publication was included.
The following data elements were abstracted: lead author's name, year of publication, study location, sample size, sex composition, age of participants, follow-up time, definition of outcomes, number of events, definition of metabolic syndrome, relative risk estimate and CI, and variables used to adjust estimates of relative risk. For one study, the odds ratio and CI had to be estimated from a figure (5).
SEs for the estimates of relative risk were estimated from the CIs. For each study, a weight was calculated as the inverse of the variance (1/SE 2 ). Fixed- effects estimates of relative risk were calculated according to the MantelHaenszel method (6). Random-effects estimates of relative risk were calculated using the approach by DerSimonian and Laird (7). Heterogeneity among studies was assessed using the Q test (7). Forest plots were reviewed. The influence of single studies on the summary estimates was also examined (8). Evidence for bias was assessed by examining funnel plots and assessing funnel plot asymmetry (9,10). Analyses were conducted in Stata 8.2 (11). The population-attributable fraction for adverse events associated with the metabolic syndrome was calculated from the following formula:
where P o is the proportion in the population with the metabolic syndrome (21.8%) (12) and RR represents the summary relative risk obtained from the meta-analysis.
RESULTS -Characteristics of the studies included in the analyses are shown in Table 2 .
Studies using the NCEP definition of the metabolic syndrome All-cause mortality. For three studies (13-15), the random-effects estimate of the summary relative estimate was 1.27 (95% CI 0.90 -1.78) (Fig. 1A) . The P value for the test of heterogeneity was 0.033. Adding a study (16) 1B) . One other study (20) reported a relative risk of 1.5 for participants with the metabolic syndrome defined according to NCEP criteria but no confidence limits or P values. The authors of four other publications (16, (22) (23) (24) modified the NCEP definition by using BMI instead of waist circumference to define the metabolic syndrome and produced five estimates of relative risk for cardiovascular disease. The random-effects estimate was 1.87 (95% CI 1.21-2.88) (P for heterogeneity Ͻ0.001) (Fig. 1C) . Combining 13 estimates from 11 studies using the original or modified NCEP definition gave a random-effects estimate of 1.74 (1.43-2.12) (P for heterogeneity Ͻ0.001) (Fig. 1D) . For seven studies (13, 15, 18, 19, 21, 23, 24) with eight estimates of relative risk that excluded participants with diabetes or 0.509) (28) . For coronary heart disease, the fixed-effects estimate for two studies (13,20) was 2.60 (1.55-4.38) (P for heterogeneity ϭ 0.512). Diabetes. Three studies reported in two publications (5,27) examined the associations between the metabolic syndrome, as defined by modified WHO criteria, and the incidence of diabetes. However, for one (5), it was difficult to obtain risk estimates because the results were presented in a figure. For the other two studies, the unadjusted fixed-effects estimate was 6.08 (95% CI 4.76 -7.76) (P for heterogeneity ϭ 0.535).
Bias
No evidence of bias was found for studies of all-cause mortality or cardiovascular disease, except for the analysis of the four studies of cardiovascular disease and the metabolic syndrome using the WHO definition (intercept: 2.76, P ϭ 0.044; slope: 0.01, P ϭ 0.952). For the four studies of diabetes incidence, funnel plot asymmetry was present (intercept: 4.79, P ϭ 0.035; slope: 0.22, P ϭ 0.246).
CONCLUSIONS -One way to judge the utility of the WHO and NCEP definitions of the metabolic syndrome is to examine what outcomes are linked to it and the strength of these links. The sum of the evidence to date shows that the metabolic syndrome does an unremarkable job of predicting all-cause mortality (estimated summary relative risk of ϳ1.2-1.4) and only a modest job of predicting cardiovascular disease (estimated summary relative risk of ϳ1.7-1.9). However, it is more strongly associated with diabetes incidence. The earliest publications (13,21) reported rather substantial associations between the metabolic syndrome and cardiovascular disease. Consequently, these reports have been cited as proof that the concept of the metabolic syndrome was meaningful and thus deserving diagnosis and treatment. However, in the case of the Finnish study, the estimates of relative risk were based on few events, and the weight of the study was small compared with later studies (13). The low-tomoderate summary estimates of relative risk are perhaps somewhat surprising, given that the metabolic syndrome includes several variables that are strong independent predictors of cardiovascular disease or diabetes.
The definitions of the metabolic syndrome developed by NCEP and WHO include people with diabetes. Diabetes is known to be a strong risk factor for cardiovascular disease. Studies that included participants with diabetes (2.02) produced higher summary risk estimates for cardiovascular disease than studies that excluded participants with diabetes (1.58).
At least three attempts (21, 24, 27 ) have been made to compare the predictive ability for cardiovascular disease of the metabolic syndrome with the Framingham Risk Score. In two studies, the metabolic syndrome was not found to improve the risk prediction beyond that achieved by the Framingham Risk Score. In a third study, however, the metabolic syndrome was a significant predictor of cardiovascular disease after adjustment for the Framingham Risk Score (24) . In addition, the Diabetes Prediction Model was found to be superior to the metabolic syndrome in predicting risk for diabetes (27) .
The majority of prospective studies have presented risks based on the NCEP definition. The estimates of relative risk from studies using the WHO definition are only slightly higher than those from studies using the NCEP definition. However, two studies (13,15) using both the NCEP and modified WHO definitions produced estimates for all-cause mortality and cardiovascular disease associated with the metabolic syndrome. On the basis of the NCEP definition, the fixedeffects estimates were 1.50 (95% CI 1.18 -1.91) for all-cause mortality and 2.71 (1.91-3.83) for cardiovascular disease. When the modified WHO definition was used, the fixed-effects estimates were 1.37 (1.09 -1.74) for all-cause mortality and 1.85 (1.34 -2.55) for cardiovascular disease.
The mechanisms underlying the metabolic syndrome continue to be debated. Insulin resistance is thought by many to be the most important mechanism, and insulin resistance has been shown to predict cardiovascular disease (29) . However, at least four studies (30 -33) have shown that ϳ50 -70% of people with the metabolic syndrome have insulin resistance. Chronic activation of the immune system (34) , disorders of the hypothalamic-pituitary-adrenal axis (35) , altered glucocorticoid hormone action (36) , chronic stress (37) , and genetic factors may also be involved in the pathogenesis of the metabolic syndrome (38, 39) . The potential contributions of cytokines, hormones, and other molecules produced by adipocytes in the pathogenesis of the metabolic syndrome are being investigated.
Whether the adverse impact on health by the metabolic syndrome is greater than the sum of its parts remains unclear (40) . One possible explanation for the low estimates of relative risk is that people who do not have the metabolic syndrome but who are obese or have hypertension, dyslipidemia, or hyperglycemia are included in the reference group, potentially raising the incidence rate in the reference group and thereby lowering estimates of relative risk. The definitions of the thresholds for defining abnormalities may have also factored in the estimates of relative risk. By using generally "liberal" thresholds, substantial numbers of people who are defined as having abnormalities may have had a relatively low risk of developing various adverse events.
As currently conceptualized, people with the metabolic syndrome experience an increased risk for adverse events that is not affected by the degree of severity of the individual components. However, it is quite likely that a risk gradient for adverse events occurs among people with the metabolic syndrome. Consideration should be given to developing a classification scheme for people with the metabolic syndrome that reflects the degree of abnormalities, analogous to classification schemes for blood pressure and BMI. The risks associated with such classes could then be prospectively evaluated.
Throughout its history, definitions of the metabolic syndrome have changed and are likely to evolve further. Already, a lower glucose threshold to define impaired fasting glucose (100 mg/dl) has been incorporated into the NCEP definition (40, 41) . How this change will affect risk estimates for adverse events remains to be determined. The WHO definition is difficult to implement in epidemiologic studies, as evidenced by the fact that most studies had to alter it.
Most of the studies that were reviewed adjusted their analyses for various potential confounders, but the degree of adjustment varied. Adjusting for variables such as age, smoking status, lipids, or lipid patterns that are not part of the definition of the metabolic syndrome seems reasonable. An important consideration in choosing potential confounders is deciding whether the factors under consideration are part of the etiologic chain. This can be a challenging decision, however, because the interrelationships among the many anthropometric and physiologic abnormalities are complex. For example, inadequate physical activity and poor dietary habits (especially excess energy intake) lead to excess weight and insulin resistance. In turn, these factors can produce a variety of abnormalities that are collectively termed the metabolic syndrome. Thus, adjusting for physical activity and energy intake could be construed as adjusting for variables that are part of the causal chain and are risk factors for the metabolic syndrome. Adjusting for variables such as inflammatory markers that may be caused by obesity and insulin resistance may be adjusting for variables that lie in the causal chain but are sequellae of obesity/ insulin resistance/metabolic syndrome.
The summary of relative risks suggest that the population-attributable fraction due to the metabolic syndrome is limited. Using the NCEP definition of the metabolic syndrome, the populationattributable fraction is ϳ6% for all-cause mortality, 12% for cardiovascular disease, and 30% for diabetes. Using the WHO definition, the population-attributable fraction is 7% for all-cause mortality, 17% for cardiovascular disease, and 52% for diabetes. Although these populationattributable fractions could be important, they need to be compared with the population-attributable fraction calculated from the sum of the populationattributable fractions of each component or analogous measures. In the case of diabetes, the population-attributable fraction for BMI alone has been estimated to be as high as 70% (42) .
The population-attributable fraction may be larger in certain population subgroups. For example, the prevalence of the metabolic syndrome increases with age, reaching a prevalence of Ն40% in people aged Ն60 years (12). If estimates of relative risk in this age-group are similar to those calculated in this report, something that still needs to be established, the population-attributable fraction for cardiovascular disease might be ϳ17%. Similarly, some evidence suggests that the risk for cardiovascular disease may be higher among women than men (15,21), although in other studies, no such sex-specific difference has been observed (17, 24) . If women are at higher risk, then the populationattributable fraction among women would exceed that among men, given that the prevalence of the syndrome is similar between the two sexes.
In conclusion, the evidence from published studies suggests that the ability of current definitions of the metabolic syndrome to predict the future risk of allcause mortality and cardiovascular disease in the general population may be limited. The metabolic syndrome does a better job of predicting the future risk of diabetes. Given the attention that the metabolic syndrome has received in recent years, establishing how well the metabolic syndrome predicts future adverse health outcomes is a matter of some urgency. To improve our current understanding of the prognostic value of the metabolic syndrome, more research is needed that specifically addresses the issue of whether the metabolic syndrome improves risk prediction for adverse events above that of its individual components. In addition, studies in various population subgroups may be helpful in assessing how well the metabolic syndrome predicts risk for future adverse health events. 
